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$s$ $S$ $N\mathrm{x}k$ $A$ , $N\mathrm{x}t$ $A$
$S$ $t$-tuple $\lambda$ , $A$
$s$ , $t$ , $k$ , $\lambda$ $OA(\lambda s^{t}, k, s, t)$ .
$OA(s^{t}, t+1, s, t)$ $OA(4^{t}, t+1,4, t)t\geq 2,3,4$
.
$s=2$ $\lambda$ Seiden,
Zemach (1966) $OA(2^{t}\lambda, t+1,2, t)$ . , Fujii, Namikawa,
Yamamoto (1989) $OA(2^{d+1}, d+2_{2}2, d)$ $OA(2^{d+2}, d+3,2, d)$
, Yumiba, Hyodo, Yam amoto (i997) saturated $OA(6\cdot 2^{2},23,2,2)$
$OA(6\cdot 2^{2},6,2,2)$ . , $s=3$
, Hedayat, Stufken, Su $OA(3^{t}, t+1, s, t)$ .






1. $s$ $S$ $N\cross k$ $A$ $N\mathrm{x}t$ $S$
$t$ -tuple $\lambda$ , $A$ $s$ , $t$ ,
$k$ , $\lambda$ (orthogonal army) $OA(\lambda s_{\grave{\mathit{1}}}^{t}k, s, t)$ .
1. 2, 3, 4, 1 $4\cross 8$ $OA(8,4,2,3)$
. ( $k\mathrm{x}N$
.)
0 0 0 0 1111
001 1 0 0 1 1
0 1 0 1 0 1 0 1
0 1 1 0 1 0 0 1
2. $A$ $B$ . $B$ 3




2. $A,$ $B$ $OA(16,3,4,2)$ .
0000 1111 2222 3333 0000 1111 3333 2222
$A=$ 0123 0123 0123 0123 $B=$ 0123 1032 2301 3210
0123 1032 2301 3210 0123 0123 0123 0123
, $B$ 1 2 3 , 2 3
$A$ .
$OA(s^{t}, k, s_{\backslash }t)$ $k=t+1$ , $\lambda=1$
.
$s$ , $s$ $GF(s)$ . $s$.
$S$ $S=GF(s)$ .










$u_{a}(x)= \prod_{c\in GF(s)c\neq a},(_{X}\text{ }c)$
$= \frac{x^{s}-x}{x-a}$ ,
, $f$ : $\mathrm{G}\mathrm{F}(s)^{t}arrow \mathrm{G}\mathrm{F}(s)$ .
$f(x_{1}, \cdots, x_{t})=(-1)^{t}\sum_{(a_{1},\cdots,a_{t})\in \mathrm{G}\mathrm{F}(s)^{t}}f(a_{1}, \cdots, a_{t})u_{a_{1}}(x_{1})\cdots u_{a_{\mathrm{t}}}(x_{t})$
.
$s-1$ $x_{1},$ $\cdots,$ $x_{t}$ .
3. $A$ $OA(s^{t}, t+1, s, t)$ , $R(A)$
. $A$ $(x_{0)}\cdots, x_{t})$
$x_{0}=f(x_{1_{7}}\cdots, x_{t})$
$f$ : $GF(s)^{t}arrow GF(s)$ $A$ explicit (explicit functional
representation) .
$R(A)=\{(x_{0}, \cdots, x_{t})|F(x_{0}, \cdots, x_{t})=0, x_{i}\in GF(s)\}$
$F(\cdot)$ $A$ implicit (inpficit functional representation)
.
1. $OA(s^{t},$ $t+1,$ $s$ , explicit $f$ implicit $F$
$F(x_{0}, \cdots, x_{t})=x_{0}-f(x_{1\}}\cdots, x_{t})$ .
3. $OA(4^{2},3,4,2)$ . $GF(4)=\{0,1, \alpha, \alpha^{2}\}$ ,
$\alpha^{2}=\alpha+1$ .
$x_{0}$ 0 1 $\alpha$ $\alpha^{2}$ 1 0 $\alpha^{2}$ $\alpha$ $\alpha$ $\alpha^{2}$ 0 1 $\alpha^{2}$ $\alpha$ 1 0
$x_{1}$ 0 0 0 0 1 1 1 1 $\alpha$ $\alpha$ $\alpha$ $\alpha$ $\alpha^{2}$ $\alpha^{2}$ $\alpha^{2}$ $\alpha^{2}$
$x_{2}$ 0 1 $\alpha$ $\alpha^{2}$ 0 1 $\alpha$ $\alpha^{2}$ 0 1 $\alpha$ $\alpha^{2}$
.
0 1 $\alpha$ $\alpha^{2}$
$x_{0}=f(x_{1}., x_{2})=x_{1}+x_{2}+(x_{1}+x_{1}^{2})(x_{2}+x_{2}^{2})$ explicit
.
4. $f$ : $GF(s)^{t}arrow GF(s)$ ,
$R=\{(x_{0}, \cdots, x_{t})\in GF(s)^{t+1}|x_{0}=f(x_{1}, \cdots, x_{t})\}$ .
. $x_{i}=f^{(i)}(x_{0}, \cdots, x_{i-1}, x_{i+1}, \cdots, x_{t})$
$R=\{(x_{0}, \cdots, x_{t})\in GF(s)^{t+1}|x_{i}=f^{(i)}(x_{0}, \cdots, x_{i-1}, x_{i+1}, \cdots, x_{t})\}$
$f$ (invertible) .
199
1. $f$ : $GF(s)^{t}arrow GF(s)$ :
(i) $f$ .
(ii) $a_{1},$ $\ldots,$ $a_{i-1},$ $a_{i+1},$ $\ldots,$ $a_{t}$ $i$ ,
$\sigma_{i}(x_{i})=f(a_{1}, \cdots, a_{i-1}, x_{i_{7}}a_{i+1}, \cdots, a_{t})$ $GF(s)$ .
(iii) $f$ $OA(s^{t}, t+1, s, t)$ .
3 3 .
4. $x_{0}=f(x_{1}, x_{2})=\alpha x_{1}+x_{1}^{2}+x_{2}$
.
$x_{0}$ 0 1 $\alpha$ $\alpha^{2}$ $\alpha^{2}$ $\alpha$ 1 0 0 1 $\alpha$ $\alpha^{2}$ $\alpha^{2}$ $\alpha$ 1 0
$x_{1}$ 0 0 0 0 1 1 1 1 $\alpha$ $\alpha$ $\alpha$ $\alpha$ $\alpha^{2}$ $\alpha^{2}$ $\alpha^{2}$ $\alpha^{2}$
$x_{2}$ 0 1 $\alpha$ $\alpha^{2}$ 0 1 $\alpha$ $\alpha^{2}$ 0 1 $\alpha$ $\alpha^{2}$ 0 1 $\alpha$ $\alpha^{2}$
$f$ . $x_{0}=x_{2}.=0$ $x_{1}=0$ $\alpha$
$x_{1}$ $x_{2}$ $x_{0}$ .
5. $x0=f(x_{1}, x_{2})=x_{1}+x_{2}$
.
01 $cx$ $\alpha^{2}$ 1 0 $\alpha^{2}$ $\alpha$ $\alpha$ $\alpha^{2}$ 0 1 $\alpha^{2}$ $\alpha$ 1 0$x_{0}$
00001 1 1 1 $\alpha$ $\alpha$ $\alpha$ $\alpha$ $\alpha^{2}$ $\alpha^{2}$ $\alpha^{2}$ $\alpha^{2}$$x_{1}$
$x_{2}$ 0 1 $\alpha$ $\alpha^{2}$ 0 1 $\alpha$ $\alpha^{2}$ 0 1 $\alpha$ $\alpha^{2}$ 0 1 $\alpha$ $\alpha^{2}$
$x_{2}=x_{1}+x_{0}$ $x_{2}$ $x_{0}$ $x_{1}$ , $x_{1}=x_{0}+x_{2}$
$x_{1}$ $x0$ $x_{2}$ . $f$ , .
6. 3 , $x_{0}=f(x_{1}, x_{2})=x_{1}+x_{2}+(x_{1}+x_{1}^{2})(x_{2}+x_{2}^{2})$
. $x_{1},$ $x_{2}$ .
$x_{1}$ $=$ $f^{(1)}(x_{0}, x_{2})=x_{2}+x_{0}+(x_{2}+x_{2}^{2})(x_{0}+x_{0}^{2})+(x_{2}+x_{2}^{2})$ ,
$x_{2}$ $=$ $f^{(2)}(x_{0}, x_{1})=x_{1}+x_{0}+(x_{1}+x_{1}^{2})(x_{0}+x_{0}^{2})+(x_{1}+x_{1}^{2})$ .
1 $x_{1}$ $x_{2}$ $x_{0}\text{ ^{}\backslash }\backslash \text{ }\sim\not\in \text{ }arrow\text{ },\overline{\mathrm{T}\backslash }\mathrm{t}$, $\text{ }$ . 2 $x_{2}$ $x_{0}$
$x_{1}$ . $\text{ }$ $fb\mathrm{h}^{\backslash }\text{ _{}\mathit{4}}\pi_{\mathrm{Z}}.\text{ }7\mathrm{r}\mathrm{I}$ABbb , $f$
$\ovalbox{\tt\small REJECT} \mathrm{E}\mathrm{F}^{1}\rfloor^{-}T^{\backslash \backslash }\text{ }$ .
1. $F_{A}$ $F_{B}$ $A$ $B$ impficit .
$A$ $B$ $T=\{0,1, \cdots, t\}$ $\theta$ $GF(s)$
$\sigma_{i}$
$F_{A}(x_{0}, \cdots, x_{t})=F_{B}(\sigma_{0}(x_{\theta(0)}), \cdots, \sigma_{t}(x_{\theta(t)}))$
. $F_{A}$ $F_{B}$ . $A$ $B$
explicit $f_{A}$ $f_{B}$ $F_{A}(x_{0}, \cdots, x_{t})=x\mathrm{c}-f_{A}(x_{1}, \cdots, xt)$
$F_{B}(x_{0}, \cdots, x_{t})=x_{0}-f_{B}(x_{1}, \cdots, x_{i})$ , $f_{A}$ $f_{B}$
.
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$x_{0}=f_{A}(x_{1}, \cdots, x_{t})$ $A$ . $\sigma_{0}(x_{0})=x_{0}-f(0, \cdots, 0)$
$f_{\overline{A}}(x_{1}, \cdots, x_{t})=f_{A}(x_{1}, \cdots, x_{t})-f_{A}(0, \cdots, 0)$
$A$ . , $\sigma_{i}(x_{i})=f_{\overline{A}}(0, \cdots, 0, x_{i}, 0, \cdots, 0)$
. $f_{\overline{A}}$ A- 1 $\sigma_{i}(0)=0$ $\sigma_{i}$ $\mathrm{G}\mathrm{F}(s)$
. $\sigma_{i}^{-1}(x)$ $\sigma_{\dot{f}}^{-1}(0)=0$ . $\sigma_{i}^{-1}(x)$
$s-2$ $h(x)$ $xh(x)$ .
$x_{i}$
$\sigma_{i}^{-1}(x_{i})$ , $f_{\overline{A}}(\sigma_{1}^{-1}(x_{1}), \cdots, \sigma_{t}^{-1}(x_{t}))=x_{1}+$
$\ldots+x_{t}+g(\sigma_{1}^{-1}(x_{1}), \cdots, \sigma_{t}^{-1}(x_{t}))$ . $f(x_{1}, \cdots, x_{t})$
$x_{1}+\cdots+x_{t}+g(\sigma_{1}^{-1}(x_{1}), \cdots, \sigma_{t}^{-1}(x_{t}))$ ,
.
2.
$f(x_{1},$ $\cdots,$ $x_{t})=x_{1}+\cdots$ $x_{t}+g(x\underline{\rceil},$ $\cdots$ , $xt)$ ,
. $g$ $g(x_{1)}0\cdots, 0)=\cdots=g(0, \cdots, 0, x_{t})=0$
.
.
2 $OA(\mathrm{s}^{t}, t+1, \mathrm{s}, t)$
.






2. $p$ , $l$ $p$ , $g(x_{1}, \cdots, x_{t})$
.
(i) $g$ $x_{i}$ ,
(ii) $g$ $GF(p)$ ,
(iii) $g(x_{1},0\cdots, 0)=\cdots=g(0, \cdots, 0, x_{t})=0$ .
201
,
$x_{0}=f(x_{1}, \cdots, x_{t})=x_{1}+\cdots$ $x_{t}+g(r(x_{1}), \cdots, r(x_{t}))$
$OA(s^{t}, t+1, s, t)$ . $s=p^{l}$ $r(x)$ (1)
.
. 1 $f$ $f$
. $x_{t}$ $x_{0},$ $\cdots$ , $x_{t-1}$
. $g$
$g(x_{1}, \ldots, x_{t})=g_{1}(x_{1}, \ldots, x_{t-1})x_{t}+g_{2}(x_{1\}}\cdots, x_{t-1})$ .
.
$f(x_{1}, \cdots , x_{t-1}, x_{0})=f(x_{1}, \cdots, x_{t-1}, f(x_{1}, \cdots, x_{t-1}, x_{t}))$
$=x_{1}+\cdots$ $x_{t-1}+x_{0}+g(r(x_{1}), \cdots, r(x_{t-1})\grave, r(x_{0}))$
$+g_{1}(r(x_{1}),$ $\cdots,$ $r(xt-1))r(x_{0})+g_{2}(r(x_{1}),$ $\cdots,$ $r(xt-1))$
(2)
$=$ $x_{1}+\cdots$ $x_{t-1}+\{x_{1}+\cdots$ $xt+g(r(x_{1}),$ $\cdots,$ $\gamma(Xt))\}$
$+g_{1}$ ( $r(x_{1}),$ $\cdots$ , $r(xt-1)$ ) $r(x_{0})+g_{2}(r(x_{1}),$ $\cdots,$ $r(Xt-1))$
$=$ $2x_{1}+\cdots 2x_{t-1}+x_{b}$
$+g_{1}\neg(r(x_{1}),$ $\cdots,$ $r(xt-1))\{r(x_{0})+r(xt)\}+2g_{2}(r(x_{1}),$ $\cdots,$ $\gamma(Xt-1))$
. $r(x_{0})$ . 9 $\mathrm{G}\mathrm{F}(p)$ ,




$=$ $f(x_{1}, \cdots, x_{t})+f(x_{1}, \cdots, x_{t})^{p}+\cdots+f(x_{1}, \cdots, x_{t})^{p^{l-1}}$
$=$ $x_{1}+\cdots$ $x_{t}+g(r(x_{1}), \cdots, r(x_{t}))$
$+x_{1}^{p}+\cdots+x_{t}^{p}$ $g(r(x_{1}), \cdots, r(xt))^{p}+\cdots$
$+x_{1}^{p^{l-1}}+\cdots+x_{t}^{p^{l-1}}+g(r(x_{1}), \cdots, r(x_{t}))^{p^{l-1}}$ (3)
$=$ $x_{1}+\cdots$ $x_{t}+g(r(x_{1}), \cdots, r(xt))$
$+x_{1}^{p}+\cdots$ $x_{t}^{p}$ $g(r(x_{1}), \cdots)r(xt))+\cdots$
$+x_{1}^{p^{t-1}}+\cdots$ $x_{t}^{p^{l-1}}$ $g(r(x_{1}), \cdots, r(x_{t}))$
$=$ $r(x_{1})+\cdots+r(x_{t-1})$ $r(xt)$ $lg(r(x_{1}), \cdots, r(xt))$ .
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. $l$ $p$ ,
$r(x_{0})=r(x_{1})+\cdots+r(x_{t-1})+r(x_{t})$ (4)
.
$x_{0}=x_{1}+\cdots+x_{t}+g_{1}$ $(r(x_{1}), \ldots , r(x_{t-1}))r(x_{t})+g_{2}(r(x_{1}), \ldots, r(xt-1))$
(2) (4)
$f$ ( $x_{1},$ $\cdots$ , $Xt-1,$ $X0)=2x_{1}+\cdots+2xt-1+Xt$




$+g_{1}(r(x_{1}),$ $\cdots,$ $r(x_{t-1})\dot{)}$ { $r(x_{1})+\cdots$ $r(x_{t-1})$ }
$+2$ { $x_{0}-(x_{1}+\cdots$ $x_{t-1}+x_{t}+g_{2}(r(x_{1}),$ $\cdots$ , $r(x_{t-1}))$ }
$2g_{2}(r(x_{1}), \cdots, r(x_{t-1}))$
$=$ $2x_{0}-x_{t}+.o_{1}(r(x_{1}), \cdots, r(x_{t-1}))$ { $r(x_{1})+\cdots$ $r(x_{t-1})$ }.
.
$x_{t}=-f(x_{1}, \cdots , x_{t-1}, x_{0})+2x_{0}+g_{1}(r(x_{1}), \cdots, r(x_{t-1}))\{r(x_{1})+\cdots+r(x_{t-1})\}$ ,
. $x_{t}$ $x_{0},$ $x_{1},$ $\cdots,$ $x_{t-1}$ $f$
. $f$











. $a(\neq 0),$ $b\in GF(4),$ $\tau(x)=x$ $x^{2}$ .
$\Sigma_{4}$ 4! $\sigma(x)$ .
203
. $\tau(x)=x$ $x^{2}$ $\mathrm{G}\mathrm{F}(4)$ . $\xi(x)=$
$ax+b(a\neq 0, a, b\in GF(4))$ . $\sigma(x)=\xi(\tau(x))=a\tau(x)+b$
$\mathrm{G}\mathrm{F}(4)$ , $a\tau(x)+b$ $a’\tau’(x)+b’$
$a=a’,$ $b=b’,$ $\tau(x)=\tau’(x)$ . $a,$ $b,$ $\tau$
, $3\cross 4\cross 2$ . .
4 .
5. $f(x_{1}, \ldots, x_{t})$ $OA(4^{t}, t[perp] 1|’ 4, t)$ , $f$
2 .





Step 2: Step 1 .
Step 3: 1 ,) $\ldots t$ , $x_{1},$ $\ldots$ , xO
.
Step 4: Step 3 $x_{i}=f^{(i)}(x_{1,\dot{)}}\ldots x_{i-1}, x_{0}, x_{i+1}, \ldots, x_{t})$
$i$
$x_{i}$ $x_{0}$
. 2 . $s=4$
.
Step 5: Step 3 .
0 $i$ .













$\mathrm{I}\mathrm{I}$ : $\theta$ $\sigma_{i}$
.
.
$t=2,3,4$ $\mathrm{O}\mathrm{A}(4^{t}, t+1,4, t)$
. 1, 2, 3, 4 .
$x_{0}=f(x_{1}, \ldots, x_{t})=x_{1}+\cdots+x_{t}+g(x_{1}, \ldots, x_{t})$




$x_{0}$ $=$ $f(x_{1}, x_{2})=x_{1}+x_{2}$ ,
$x_{0}$ $=$ $f(x_{1}, x_{2})=x_{1}+x_{2}+r(x_{1})r(x_{2})$ .
2 .
$s=4$ $t=3$ 5 . 4 (
) 2 , 2
I $\mathrm{I}\mathrm{I}$ .
2 .
$s=4$ $t=4$ 31 . 18
( ) 2 , ( 3 ) 13 I
$\mathrm{I}\mathrm{I}$ . ( 4 )
2
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